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SUMMARY 
Legionella is naturally present in water. It is almost undetectable in water that enters the 
building, but in Domestic Hot Water (DHW) installations situations can occur that stimulate 
Legionella growth. The most important growth factor at these points of risk is temperature. A 
simulation model is developed that allows to investigate the presence of Legionella in DHW 
systems. In this paper it is used to test the effectiveness of a renovation measure on a system 
contaminated with Legionella of four case study buildings with 800 apartments. To compile 
the simulation model, temperature, flow rate and Legionella measurements are performed in 
these buildings. Hot water temperature optimisation throughout the system is researched by 
investigating the influence of insulating this system to keep it healthy and energy efficient on 
the long term through simulations. 
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1 INTRODUCTION 
In recent passive buildings energy needed for DHW accounts for about 50% of household 
energy costs. On average, about 800kWh per occupant per year is the net energy demand for 
DHW production (DIN 4708-2, 1994). One of the main reasons for the high energy demand is 
that DHW is produced and distributed at temperatures above 55°C-60°C to mitigate the risk of 
contaminating the system with Legionella pneumophila (Stout et al., 1986). At these tempera-
tures the DHW system is considered to be safe. Legionella is naturally present in water. The 
bacteria is almost undetectable in water that enters the building, but in collective DHW instal-
lations in apartment buildings situations can occur that stimulate the growth of Legionella. 
Many of these existing collective systems are not optimally designed. Problems related to 
comfort or energy use occur often, such as long waiting times for hot water, cold water that 
becomes lukewarm or Legionella growth in pipes. These problems result in increased health 
risks and excess energy use. In existing buildings it is not easy to identify and solve these is-
sues. The aim of this research is to optimise the design of hydraulic systems in contaminated 
buildings and simultaneously to try to solve the occurring Legionella issues. The DHW tem-
perature at all tapping points should be above 55°C and the difference between depart and 
retour temperature in the system should not exceed 5°C. The effect of insulating the hydraulic 
system will be investigated to meet these requirements. 
 
2 METHODS 
Building energy simulation models can play a significant role in the design and optimisation 
of building systems. A Legionella growth model is developed by the authors in (Van Kenhove 
et al., 2018) and validated based on measurements on a test facility. The validated growth 
model can now be used to optimise real building systems. In this respect, case study buildings 
are chosen with occurring Legionella issues. The case study project consists of 4 apartment 
buildings with 800 apartments (Figure 1a). A system simulation model of these buildings is 
built in this paper. To compile the simulation model, temperature, flow rate and Legionella 
measurements are performed. Up to 76000CFU/L Legionella pneumophila is measured 
(should be below 1000CFU/L). Temperatures are shown in Figure 1b. 
 
a)         
b)  
Figure 1. a) Case study apartment buildings in Belgium. The hydraulic pipework in between the buildings is 
illustrated in red. b) Supply and return water temperature to/from block II. The return water temperatures are 
below 45°C so Legionella growth will occur. The accuracy of the logger is 0.5°C. 
 
3 RESULTS 
Figure 3a shows the thermal energy saving potential by adding insulation to uninsulated areas 
of the system. Figure 3b shows the corresponding simulated DHW temperature optimisation 
and simulated Legionella concentrations. 
 
a)             b)  
Figure 3. a) Energy savings by adding pipe insulation in the technical shafts (S), uninsulated pipes in under-
ground (G) and both renovation measures combined (G + S) in block II. b) Simulation supply and return water 
temperature (red) to/from block II and Legionella concentration in return pipe (blue, log scale). 
 
The best case scenario (1cm pipe insulation in underground and 3cm in shaft) corresponds 
with a 67.5% energy saving potential. Temperatures throughout the system are above 45°C, 
which results in Legionella concentrations below 1000CFU/L. With these renovation 
measures the system can be considered safe. 
 
4 DISCUSSION AND CONCLUSIONS 
A simulation model of the hot water system of case study apartment buildings is developed. 
The renovation measure is proven effective to eliminate Legionella and results in 67.5% less 
energy use. The model is now used for decontamination, but it can also help HVAC designers 
to quantify and decrease Legionella contamination risk associated with a building system in 
design phase and reduce energy use in DHW systems. 
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